Abstract: A series of novel tetrahydroxy cyclic urea molecules as HIV-1 protease inhibitors were designed using computational techniques. The designed molecules were compared with the known cyclic urea molecules by performing docking studies on six of wild type protein and three mutant protein varieties and calculating their ADME properties. A series of novel molecules were designed by substituting hydrogen at the P 1 / P 1 ′ positions with hydroxyl group increasing the bioavailability these had better ADME properties and binding affinity towards HIV-1 protease. The biological activity of these inhibitors were predicted by a model equation generated by the regression analysis between biological activity (log 1/Ki) of known inhibitors and there combined docking scores from six of the wild type protein docking. The synthetic studies are in progress.
Introduction
AIDS is one of the most serious health problems today. Human immune virus type 1 (HIV-1) is the main causative agent of AIDS. Inhibition of virally encoded protease has been demonstrated to be an effective antiviral drug therapy against HIV-1 infection 1 Several HIV-1 protease inhibitors have been shown to reduce the viral load and increase the number of CD4 + lymphocytes in HIV infected patients 2 . HIV protease inhibitors belong to three different classes as reported in the literature, nonhydrolysable transition state isosteres, similar to renin inhibitors; pseudo symmetrical and C-2 symmetrical compounds 3 and nonpeptidic inhibitors 4 . Cyclic ureas have shown good HIV protease inhibition. The cyclic urea classes of inhibitors are designed to displace a unique structural water molecule present in the HIV-1 protease active site 5 . These inhibitors have the hydroxyl groups and carbonyl oxygen positioned which is an essential factor for high potency. The diols i.e, the hydroxyl groups interact with ASP25/25′ and the carbonyl oxygen with ILE50/50′. Amino acid residues like ASP30/30′, GLY48/48′ and ARG8/8′ present in the active site also play an important role in inhibitor binding.
Experimental

Method and software
The computational work was run on a 3.2 GHz Intel Pentium-4 systems. The software 6 Glide 4.0 was used for protein minimization, grid generation and ligand docking Qikprop 2.5 was used 7 to calculate the ADME properties of the ligands Nine crystal structures of HIV-1 protease were downloaded form protein data bank out of which three were mutant variety ( Wild type pdb id: 1PRO, 1BVG, 1AJX, 1SBG, 1HSG and 2UPJ. Mutant type pdb id: 1MER, 1MEU and 1MET) [8] [9] [10] [11] [12] [13] [14] . These protein structures were prepared by glide application's protein preparation job. The protein preparation facility consists of two components, preparation and refinement. After ensuring chemical correctness, the preparation component adds hydrogen and neutralizes side chains that are not close to the binding cavity and do not participate in salt bridges. The refinement component performs a restrained impact minimization of the co-crystallized complex, which reorients side-chain hydroxyl groups and alleviates potential steric clashes. It uses the OPLS-AA force field for this purpose and then the active site of the protein was defined and a grid was prepared for each of the protein structure with receptor Vander Waals scaling for the non polar atoms as 0.9 (which makes the protein site "roomier" by moving back the surface of non-polar regions of the protein and ligand. This kind of adjustments emulate to some extent the effect of breathing motions to the protein site it is a kind of giving breathing to the receptor). The ligands were built using maestro build panel and prepared by Lig Prep2.0 application. LigPrep produces the low energy conformer of the ligand using the MMFF94s force field. The ADME properties (required pharmacokinetic properties of viable drug compounds) were calculated by Qikprop 2.5. The lower energy conformations of the ligands were selected and were docked into the grid generated from the nine protein structures using the standard precision docking mode 15 . In this docking method the ligands are flexible and the receptor is rigid, except the protein active site has slight flexibility. To include receptor flexibility the ligands were docked into different grid generated for nine protein conformations 16, 17 . The known inhibitors which docked into the six of the wild type protein were selected and a regression analysis was performed by taking the combined docking scores of each ligand. The combined docking scores were calculated by taking the sum of glide score (docking scores) of each ligand form the six docking processes.
Results and Discussion
ADME properties of cyclic urea chosen from literature [18] [19] [20] [21] [22] [23] [24] with varied range of inhibition constant were calculated (structures shown in Figure 1 ). The calculated ADME properties showed poor bioavailability. The required pharmacokinetic properties for a viable drug compound are 25 .
The first three are based on Lipinski rule of five 26, 27 , molecular weight less than 650, partition coefficient between octanol and water (log Po/w) between -1 and 6.5 and solubility (log S) greater than -7. Pmdck and Log BB parameter tells about the ability of the drug to pass through blood brain barrier which is mandatory for inhibition of HIV infection. The ADME values of known inhibitors are given in Table 1 . Table 1 . Table 2 ) which had good biological activity (Ki in nM range) had high molecular weight, their Log Po/w (6.826, 7.093 and 8.476 respectively) and Log S (-7.55, -9.389 and -10.706 respectively) value were not in the acceptable range. The Pmdck value for CU 37 and CU 29 were also very low, lesser than the acceptable range (1.848 and 4.02). The inhibitors CU 30, CU41, and CU 36 which have good biological activity were also having the lesser bioavailability. 
*Ki values from literature ref 18-24
The new molecules (Terahydroxy's) were designed with different substitutions at the P2/P2′ positions and substituting the hydrogen at P1/P1′ positions with hydroxyl group in order to increase the bioavailability (Structures shown in Figure 2 ). These molecules were first screened for their drug like properties (ADME are provided in Table 3 ). These had good bioavailability but because of larger no. of hydroxyl group they showed lesser Pmdck value but were in the acceptable range. The screened molecules were docked into the nine protein grids. These showed good docking scores compared to known inhibitors. Compound OHC-1, 2, and 4 with combined dock scores -69.87, -63.45 , and -68.63, respectively (Table 4) have ADME properties in acceptable range except for compound OHC-1 which has less Log BB value than required, it may be due to presence of amine groups which restricts it from crossing the blood brain barrier. 845291 A regression analysis of biological activity (Log1/Ki) and combined dock score for known inhibitor was carried out. The correlation coefficient r = 0.801and standard error of the estimate s = 0.59, and the following equation is found.
Biological activity (Log 1/Ki) = -0.09369* cds + 4.111861 (1) The inhibitor CU 23 having Ki < 0.01 was taken as an outlier and the regression gave a correlation coefficient r = 0.8415 and the standard error of estimate s reduced to 0.506 and following equation was obtained, the scatter plot is shown in Figure 3 .
Biological activity (Log 1/Ki) = -0.09215* cds + 4.140861 (2) 
CDS
Biological activities of the new inhibitors were predicted from the equation 2, these compounds which had better ADME properties showed comparable biological activity with that of known inhibitors. Compound OHC -1, 2 and 4 with predicted biological activity 10.579, 9.987 and 10.465 respectively were lower than known inhibitor CU 23 but comparable with CU 37, CU 29, CU 26, and CU 30.
The docking study of these known inhibitors and new molecules on the mutant variety of HIV-1 protease showed varied results. The new molecules showed better binding affinity towards the mutant variety protein. Molecules like OHC 4, 5, 9 and 12 showed better docking scores (-42.76, -36.98, -37.98 and -38.79 respectively) than the already known inhibitors.
Since the ADME properties of the new inhibitors are better than the existing ones and they showed better binding affinity towards the protein, these molecules can be consider for further studies as hit molecules.
Conclusion
From the study of ADME properties of known inhibitors and the newly designed one which showed good bioavailability and from the docking studies performed on both wild type and mutant type protein it can be concluded that the new molecules can be considered as a potent inhibitor of HIV-1 protease. Compound like OHC-1,2, 4, 5, 9 and 12 which have better ADME properties can be taken as best hit molecules and can be considered for further studies like QSAR, synthetic studies and biological activity studies.
